In this work we study the safety and effectiveness of teriparatide and alendronate in patients with postmenopausal osteoporosis at high risk of fracture; it was a double-blinded and it was done by examining the comparisons between teriparatide 20 μg /day and alendronate 10 mg/day. Safety and effectiveness analyses were based on data from 355 woman with a mean age of 68 years. Two groups (A and B) with T-score ≤-2.5 at bone mineral density were analyzed and 3 or more vertebral fractures on radiograph. Group A: was treated with teriparatide 20 µg/day and composed from 182 women, in post-menopausal age, without a history of cancer. Group B: was treated with alendronate 10 mg/day composed from 173 women, postmenopausal age, with previous history of cancer (non-active during the study). Clinical evaluations were on bone turnover markers (alkaline phosphatase, procollagene type 1 N-terminal propeptide, and N-telopeptide cross-links) , dualenergy X-ray absorptiometry and health-related quality of life (HrQoL). Safety was assessed by reporting of adverse drug reactions (ADRs). The results of this study imply that teriparatide comparated with alendronate has a favorable safety profile and is effective in the treatment of patients with osteoporosis at high risk of fracture.
Introduction
The purpose of osteoporosis therapy is to reduce fracture risk. Osteoporosis is a serious public health concern worldwide because of the morbidity and mortality associated with fragility fracture (1, 2) which is expected to affect a large proportion of people (40-50% of women and 13-22% of men) over the age of 50 years. In 2010, osteoporosis was estimated to affect 27.6 million people in Europe. The treatment of osteoporosis consists of lifestyle measures and pharmacologic therapy. Lifestyle measures include adequate vitamin D and calcium, exercise, smoking cessation, counseling on fall prevention, and avoidance of heavy alcohol use. These measures should be adopted universally to reduce bone loss in postmenopausal women (3, 4) . Once-daily administration of a parathyroid hormone fragment also increases bone mineral density in men with osteoporosis (5) and in estrogen-deficient women (6) (7) (8) and reduces the risk of fracture in postmenopausal women with osteoporosis (8) . Whereas all other available treatments for osteoporosis reduce bone resorption, parathyroid hormone therapy increases bone formation. Teriparatide (recombinant 1-34 N-terminal sequence of human parathyroid hormone) is the first anabolic agent approved for the treatment of patients with osteoporosis (9) and has been reported to reduce the risk of fracture by increasing bone formation (10) . It increases new bone formation by increasing osteoblast differentiation, osteoblast function, and survival. Teriparatide is recommended for patients with severe osteoporosis and can only be administered by once-daily injection in the thigh or abdomen. The recommended dose is 20 μg per day. The safety and efficacy of teriparatide has been assessed in randomized controlled trials (RCTs) and in observational studies conducted primarily in Caucasian populations. These studies have shown that teriparatide is well tolerated, reduces the risk of vertebral and nonvertebral fractures. It is known to increase bone formation and treatment of osteoporosis with PTH causes a marked increase in vertebral BMD (BMD) and levels of bone turnover biomarkers in osteoporotic patients (5) (6) (7) . Alendronate belongs to the category of bisphosphonates. These have the ability to inhibits osteoclastic bone resorption. Alendronate increases bone mineral density and reduces the risk of fracture in women (3, 11) and men (9, 12) with osteoporosis. This reduces the risk of bone fractures. In our study we administered 10 mg of alendronate once daily. In the absence of specific contraindications, oral bisphosphonates are considered initial pharmacologic therapy for most postmenopausal women at high risk for fracture. We prefer oral bisphosphonates as initial therapy because of their efficacy, favorable cost, and the availability of long-term safety data.
Materials and methods
The study was conducted between January 2007 and November 2013. The cohort of 355 patients in postmenopausal age was divided into 2 groups that was selected with some inclusion and exclusion criteria, except previous history of cancer (non-acti-
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Original article ve during the study) (negative in group A and positive in group B). Inclusion criteria for this study consisted of back pain, postmenopausal osteoporosis (T-score ≤-2.5 at lumbar spine or femoral neck), the presence of 3 or more osteoporotic vertebral fractures. The exclusion criteria were: an increased risk of osteosarcoma (patients with Paget disease bone, previous skeletal exposure to radiotherapy, or previous malignant neoplasm involving the skeleton), impaired renal function, liver disease, history of diseases other than postmenopausal osteoporosis that affect bone metabolism, alcohol or drug abuse. Group A: 183 women (mean age 71±7 yrs; mean body mass index -BMI -23.5±3.2 kg/m 2 ), with severe postmenopausal osteoporosis (mean lumbar BMD -4.01±0.53, mean femoral neck BMD -3.37±0.60 and with 3 or more vertebral atraumatic fractures); Group B: 172 women matched for age (65±11.4 yrs), BMI (23.8±4.2 Kg/m.), menopausal status, affected by back pain, severe postmenopausal osteoporosis (lumbar spine BMD -3.98±0.46, mean femoral neck BMD -3.21±0.72 and with 3 or more vertebral atraumatic fractures). BMI, age at menopause, lifestyle habits (smoking, drinking, nutrition style, nutrition anamnesis like calcium intake), family history of os teoporosis were considered. Group A were treated with 20 μg/day s.c. of recombinant human parathyroid hormone (rhPTH 1-34), self-ad ministered injections (group A) or 10 mg/day per os of alendronate (group B). All patient received supplemental vitamin D (600 IU per day) and supplemental calcium to maintain a calcium intake of 1200 mg per day. Patients were prescribed alendronate were treated with 10 mg/day, for a maximum of 24 months. Clinical evaluations were performed before treatment and after 24 months of treatment. Safety was assessed by reporting of adverse drug reactions (ADRs), defined as adverse events for which causal relation to teriparatide could not be excluded. Effectiveness of teriparatide and alendronate treatment was assessed by changes in biomarkers of bone turnover, incidence of new fractures, BMD, Visual Analog Scale (VAS) score for back pain. Patients rated the severity of their back pain at baseline, at 6, 12, 18 and 24 months using this scale for pain, where a score 0 indicates no back pain and a score 100 indicates worst possible back pain. Biochemical markers of bone turnover were dosed in all patients. Alkaline phosphatase (ALP: 35-104 U/L), N-terminal propeptide of type I procollagen (PINP: 19-102 μg/l), N-telopeptide crosslinks (NTx: 5-65 nmol/mmol Crea) were assessed at baseline, 12 and 24 months (T0, T12, T24). The BMD of the lumbar spine and the proximal femur was measured by dual-energy Xray absorptiometry at baseline and at 24 months (T0, T24). The number of new clinical fractures was counted at 6-monthly intervals. Incident vertebral and nonvertebral clinical fractures were defined as new fragility fractures that were reported at any postbaseline visit and were subsequently confirmed by radiographs at study sites. In accordance with the teriparatide Fracture Prevention Trial, (10) nonvertebral fractures were defined as low energy fractures, except for pathological fractures. The patients were given a questionnaire consisting of 35 questions and 5 visual-analogue scale, to frame out of 5 main domains: pain, physical function, social function, general health perception. All answers were recorded so that all items range from 1 to 5, and all answers were standardized so that 1 represents the best and 5 the worst HrQoL.
Results
This study will focus on the femoral neck and the total hip, the regions of interest considered to be the most clinically relevant (13, 14) . More than half (65.4%) of the patients in group 1 have reported one or more comorbidity. The most frequently reported comorbidities were hypertension (49.6%), hepatic impairment (8.6%), and rheumatoid arthritis (4.2%). Secondary osteoporosis and glucocorticoid-induced osteoporosis were each reported in 3.0% of patients. The patients of group B had in addition to one or more morbidity (72.2%), previous history of tumors. The most frequently comorbidities in this group were hypertension (53.2%), hepatic impairment (10.9%), and rheumatoid arthritis (3.0%). Secondary osteoporosis and glucocorticoid-induced osteoporosis were each reported in 5.1% of patients. The manifestation of adverse reactions into group A was reported in 15 (8.4%) patients. The most commonly reported ADRs in patients were hyperuricemia (1.04%), nausea (1.07%), dizziness (0.42%), headache (0.61%). Into group B, which took alendronate, the rate of adverse reactions was reported in 18 (10,3%) patients. In this group also the most commonly reported ADRs were hyperuricemia (2,16%), nausea (1,12%), dizziness (0,38%), headache (0,71%). There were no significant adverse reactions in any patient in both groups. In this study was to evaluate percentage changes from baseline in biochemical markers of bone turnover, val ues of bone mineral density (measured at lumbar spine and proximal femur), VAS scale, incidence of new fractures and measurements of HrQoL. There are differences between the results of bone turnover, among those obtained with the administration of alendronate and the administration of teriparatide. The levels of biomarkers for bone formation (PINP, bone ALP) were significantly increased from baseline at all time points during the study. In group A serum levels of PINP increased of 152 and 134% at T12, T24, respectively; bone ALP levels in creased of 83 and 69%; NTx levels increased of 102% at T12, of 116% at T24. In group B percentage changes from baseline of serum levels of PINP were -70 and -75% at T12, T24, respectively; bone ALP levels decreased of 48 and 41%; NTx levels were reduced by 70% at T12, of 74% at T24. Mean PINP values were 41±7 μg/l at T0, 102±35 μg/l at T12, 97±27 μg/l at T24 in group A (T0 vs T12 r: 0.88, p<0.001; T0 vs T24 r: 0.86, p<0.001) and 78±16 μg/l, 22±14 μg/l, 18±10 μg/l at T0, T3, T12, T24 respectively (T0 vs T12 r: 0.76, p<0.001; T0 vs T24 r: 0.82, p<0.001). In group A mean ALP value at T0 was 68±20 U/L, 120±48 U/L at T12 and 115±38 U/L at T24 (T0 vs T12 r: 0.46, p<0.01; T0 vs T24 r: 0.85, p<0.001); instead, in group B mean ALP was 72 ±15 U/L at baseline, 36±19 U/L at T12 and 41±6 U/L at the end of the study (T0 vs T12 r: 0.53, p<0.001; T0 vs T24 r: 0.65, p<0.001). NTx mean values in group A were 32±6 nmol/mmol Crea, 64±14 nmol/mmol Crea, 67±25 nmol/mmol Crea at T0, T12, T24 respectively (T0 vs T12 r: 0.58, p<0.001; T0 vs T24 r: 0.50, p<0.01) while in group B NTx mean values were 54±6 nmol/mmol Crea at T0, 22±15 nmol/mmol Crea at T12 and 17±10 nmol/mmol Crea at T24 (T0 vs T12 r: 0.58, p<0.001; T0 vs T24 r: 0.70, p<0.001). The BMD values expressed in terms of T-score in our total pool displayed important changes. At month 24, lumbar spine BMD increased by 14.2% in group A compared with group B in which it increased by 4.96%. Specifically, in group A mean T-score at T0 was -3.88±0.70 and mean T-score at T24 was -3.37±0.70 (r: 0.88; p<0.001); instead, in group B, mean T-score at T0 was -3.87±0.75 and mean T-score at T24: -3.72±0.74 (r: 0.98; p<0.001). Back pain significantly (P<0.001) improved from baseline at all time points during the study. In the group A the mean (SD) back pain VAS score at baseline was 40.9 (27.7). The mean (95% CI) change from baseline in back pain VAS scores at 3, 12, 18, and 24 months and at the Last observation carried forward (LOCF) were −10.1 (−12.5 to −7.7), −12.4 (−15.0 to −9.8), −12.95 (−15.7 to −10.2), −13.7 (−16.5 to −10.9), and −13.2 (−15.1 to −11.3), respectively. In the alendronate study group the mean (95% CI) change from baseline in back pain VAS scores at 6, 12, 18 and 24 months were -10.4 (-12.3 to -8.2), -12.5 (-15.1 to 9.7), -13.4 (-16.2 to -11.0) and -13.6 (-15.4 to 11.5) respectively. Through R-x evaluation, at T0, all patients of groups A and B showed baseline vertebral fractures. Patients treated with teriparatide were more protected against new fractures, compared with patients treated with bisphosphonates; in fact, only 1 new vertebral fracture occurred in group A (0.55%) at study endpoint (T24) vs 4 new vertebral fractures that occurred in group B (2.31%) at T24. Patient-reported measurements for health-related quality of life revealed significant improvements from baseline in back pain and overall health-related quality of life (HrQoL), we calculated this although a specific questionnaire. We evaluated the teriparatide impact on several aspects of Hr-QoL by administering the patients a questionnaire at T0 and T24. The result indicates a severe reduction in pain, an improvement in the practice of daily activities, an increase of locomotor function, the autonomy improvement during the housework, and an improvement in the perception of their own health, more evident in patients treated with teriparatide, compared to those receiving alendronate.
Discussion
The effect of teriparatide to increase bone formation, as demonstrated by studies of iliac crest biopsies, bone scans, and positron emission tomography, would be anticipated to increase bone mass and hence BMD. Areal BMD assessed by DXA at the spine and proximal femur is a standard means of identifying patients with osteoporosis, and response to therapy is often assessed by serial BMD testing (1, 15) . Teriparatide was shown to have favorable safety and effectiveness profiles in osteoporotic patients at high risk of fracture. Importantly, teriparatide was well tolerated, with no new clinically significant safety concerns identified, and persistence with teriparatide treatment was similar to or higher than that reported in other studies (16, 19) . Early significant increases in bone formation biomarkers were followed by subsequent increases in bone resorption biomarkers. Treatment with teriparatide resulted in a grater increase in bone mineral density (BMD). After 24 months women of group A with severe postmenopausal osteoporosis (mean lumbar BMD -4.01.±0.53, mean femoral neck BMD -3.37±0.60 and with 3 or more vertebral atraumatic fractures), persistent back pain and previous treatment with bisphosphonates for osteoporosis; and the women belonging group B with menopausal sta tus, affected by back pain, severe postmenopausal osteoporosis (lumbar spine BMD -3.98±0.46, mean femoral neck BMD -3.21±0.72 and with 3 or more vertebral atraumatic fractures) previously treated for osteoporosis with bisphosphonates, we compared the results obtained from patients in group A compared to group B. From this comparison showed that teriparatide has been referred to be an efficacious treat ment against new fractures, that patients with osteoporosis treated with teriparatide experience improvements in pain symptoms, making a significant change in the course of severe osteoporosis, which can lead rapidly not only to varying degrees of disability than alendronate.
Conclusion
Teriparatide increased remodelling, removed old, more fully mineralised bone matrix and replaced it with new, less fully mi-neralised bone matrix and improved fracture healing. Surgical fixation did not protect the others bone from probably new fracture, for this reason, are required therapies, able to enhance the bone structure at the systemic level. Therefore, this study evidences that teriparatide represents compared with alendronate, a solution that guarantees of the finest results in severe postmenopausal osteoporosis.
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